INTRODUCTION
On 22 January 2013, the Government of Japan and the Bank of Japan (BOJ) delivered a joint statement on overcoming deflation and achieving sustainable economic growth. The BOJ set the price stability target at 2% (year-on-year rate of change in the consumer price index). Since then, in order to achieve this target, the BOJ started to implement aggressive monetary easing through buying long-term government bonds and increasing the monetary base, in contrast to previous attempts at an expansionary monetary policy which mainly focused on buying short-term government bonds. For some short periods in 2014, inflation did reach the 2% target, mainly caused by higher energy prices, especially oil prices, and because the consumption tax rate was raised from 5% to 8%. Following the start of the oil price decline in June 2014 in the global market, general price levels in Japan also started to decline. Oil prices dropped from above $100 per barrel in June 2014 to less than $30 per barrel in February 2016. Oil and other petroleum products make up a significant portion of total Japanese imports. That is why the price fluctuation of oil has a significant impact on Japanese macroeconomic variables, including on the inflation rate.
Although the price of oil is now less than half the price in early 2014, the BOJ is still keeping the same inflation target at 2%. When the price of oil decreases, production becomes cheaper and the aggregate supply curve shifts to the right, which decreases the equilibrium price level. That means the target inflation rate needs to be reviewed and should be lower.
On the other hand, the BOJ could not achieve a stable 2% inflation rate and hence further eased the interest rate. At the monetary policy meeting held on 29 January 2016, the BOJ policy board decided to introduce "quantitative and qualitative monetary easing (QQE) with a negative interest rate" to achieve the price stability target of 2% at the earliest possible time. This policy started by increasing money supply through purchasing long-term Japanese government bonds (JGB). This policy has flattened the yield curve of JGBs. Banks began to reduce the amount of government bonds they purchased because yields up to 15 years became negative. This paper first sheds light on the role of oil prices in the Japanese economy and in the price determination in Japan. It shows that, in the current low oil price era, the BOJ needs to deflate the inflation target. Moreover, the paper investigates whether the recent negative interest rate policy of the BOJ was effective, and provides suggestions to overcome deflation and achieve sustainable economic growth.
The paper is structured as follows. Section 2 discusses the recent movement in global oil prices. Section 3 examines oil prices and the Japanese economy. Section 4 discusses the drop in oil prices and the negative interest rate policy of the BOJ, while Section 5 is for concluding remarks.
RECENT GLOBAL OIL PRICE MOVEMENTS
Oil prices dropped from above $100 per barrel in June 2014 to less than $30 per barrel in February 2016 (Figure 1 ). Since early April 2016, prices have started to increase again because of a fragile improvement in demand, but prices are still less than half compared to 2014. There are several reasons for this sharp drop relating to the supply and demand conditions and expectations in the oil market (for more information, refer to Yoshino and Taghizadeh-Hesary 2016a) . In this section we shed light on the reasons for the sharp drop. 
Supply Side
The price of oil is determined partly by actual supply and demand, and partly by expectations. The recent price collapse can be attributed partly to a new glut in oil supply. Unconventional energy resources, such as shale oil, shale gas, and oil sands, have raised the global oil supply. Massive discoveries of oil in North Dakota and Texas in the United States (US) have driven down prices, and even amid tensions in the Middle East roughly 3 million more barrels a day are being produced now than in 2011.
In addition to this, while oil prices were falling, the Organization of Petroleum Exporting Countries (OPEC), which controls nearly 40% of the world market, has failed to reach an agreement on production curbs at their recent meetings, thus sending prices down even further.
In 2014 and 2015 supply exceeded demand by massive margins-0.9 million barrels per day (mb/d) and 2 mb/d, respectively-and in 2016 a further increase in supply of 1.1 mb/d is expected (IEA 2016).
Demand Side
In 2014, global economic activity was subdued. The International Monetary Fund (IMF) reported 3.4% growth for the global gross domestic product (GDP) in constant prices. Growth in emerging markets and developing economies-while still accounting for over 70% of global growth-declined for the fourth consecutive year, mostly from the People's Republic of China, Brazil, and Russia. In 2015, global economic activity depressed further and world GDP growth stood at 3.1%. The IMF has downgraded the global growth outlook for 2016, by 0.2% to 3.2%, broadly in line with 2015. Although the recovery is projected to strengthen in 2017, the situation in 2016 is expected to be as in 2015. In addition, the IMF mentioned that uncertainty has increased, and risks of weaker growth scenarios are becoming more tangible. Before discussing how monetary policy was behind the oil price drop, let us look further back to the subprime mortgage crisis of [2008] [2009] and review what happened to the US money market and global oil prices at that time.
After the subprime mortgage crisis, the weak exchange rate of the US dollar caused by quantitative easing pushed oil prices upward over 2009-2012, causing investors to invest in the oil market and other commodity markets while the world economy was in recession. As a result, huge amounts of capital entered the crude oil market as investors found it safer than capital markets, which had collapsed (Yoshino and Taghizadeh-Hesary 2014a This means that the liquidity provided mainly by the Federal Reserve, especially during the 2008-2009 financial crisis, transferred to the oil market and created huge speculative demand, causing a surge in oil prices. In 2014, because the US and some other developed and emerging capital markets were recovering, liquidity moved back to the capital markets. This is the reason for the depressed growth rate in global oil demand, resulting in the price collapse in the market. This factor may have played a stronger role than supply and lower economic growth (Yoshino and Taghizadeh-Hesary 2016a) .
Finally, although the global demand for oil in 2015 improved, there was still excess supply in the market (Table 1 ). In 2015, excess supply reached more than 2 million barrels per day. In 2016, following the lifting of economic sanctions against Iran, a fresh oil glut is pumping oil into the market. Non-OPEC supply is expected to shrink in 2016 and 2017. A significant portion of non-OPEC supply comes from shale oil in the US, which is costlier to produce than conventional resources. Hence, in the current low price era, shale oil output is expected to shrink. According to the International Energy Agency (IEA) (IEA 2016), in 2017 global oil supply and demand will become aligned, but the enormous stocks being accumulated will act as a dampener on the pace of recovery in oil prices when the market, having balanced, then starts to draw down those stocks. Unless we see a larger than expected fall in non-OPEC oil production in 2016 and/or a major demand growth spurt, it is hard to see oil prices recovering significantly in the short term from the current low levels. 
OIL PRICES AND THE JAPANESE ECONOMY
In 2015, the total value of Japan's imports amounted to $648 billion, 23% of which ($150 billion) was mineral fuels, $67 billion petroleum, $46 billion liquid natural gas (LNG), $16 billion coal, $15 billion petroleum products, and $5 billion liquefied petroleum gas (LPG). Although Japan's crude oil imports in 2015 fell to the lowest level since 1988, as demand weakened amid a declining population, slower economic growth, and more energy efficient vehicles and industries, oil is still the main mover of the Japanese economy. Japan is the third largest consumer of crude oil behind the US and the People's Republic of China. Japan is dependent on imports for 91.4% of its energy supply. Since the Fukushima nuclear disaster in 2011, the percentage of fossil fuels for power generation has been increasing, as a substitute for nuclear power. The level of dependence on petroleum, which had been declining in recent years, increased to 47.2% in fiscal year 2012. In fiscal year 2013, the total primary energy supply in Japan was 21,973 petajoules, up 1.1% from the previous fiscal year. Its breakdown was 45.7% in petroleum, 24.2% in coal, 22.5% in natural gas, 3.1% in hydropower, and 0.4% in nuclear power. Other sources were also used, though only in small quantities, including energy from waste, geothermal, and natural energy (solar photovoltaic, wind power, biomass energy, among others) (MIAC 2015) .
The result of eliminating nuclear power generation and substituting it with fossil fuels was that the energy self-sufficiency 1 percentage decreased from 19.6% in fiscal year 2000 to 8.6% in fiscal year 2013 (MIAC 2015) . Before the 2011 earthquake, Japan was the third largest consumer of nuclear power in the world, after the US and France. In 2010, nuclear power accounted for about 13% of Japan's total energy supply (Taghizadeh-Hesary et al. 2016) . In 2012, the nuclear energy share fell to 1% of total energy supply (and contributed a similar level to primary energy consumption in 2013 as only two reactors were operating for a little more than half the year). In 2014 Japan did not produce any nuclear power (Taghizadeh-Hesary and Yoshino 2015) . Figure 4 shows monthly primary energy consumption in Japan by type based on thermal values from 2000 to 2013. Figure 4 shows how important oil is in the Japanese energy mix; hence, oil price movements will have significant effects on Japanese macroeconomic variables including economic growth and the inflation rate. Several scholars have described this (Hamilton 1996; Lee, Lee, and Ratti 2001; Blanchard and Gali 2007; Kilian 2008; Yoshino and Taghizadeh-Hesary 2015a) . Yoshino and Taghizadeh-Hesary (2015a), by developing a simultaneous equation model consisting of the Phillips curve (aggregate supply), aggregate demand, and the Taylor rule equations, tried to find out whether the achieved inflation rate in Japan following the QQE policy since 2013 was caused by the monetary policies or whether it was caused by higher oil prices. The results are stated in Table 2 . The first part of Table 2 is the Phillips curve equation, which is the aggregate supply function. The y-axis is the inflation rate and the x-axis is the GDP gap. Usually, the aggregate supply curve is upward sloping, which means the GDP gap and the rate of inflation should be positively related. The results for Q2 1994-Q4 2001 are in accordance with an upward sloping aggregate supply, which means a larger GDP gap tended to lead to a higher inflation rate in the first period. When the economy is in an inflationary environment that will accelerate current inflation even more, so in this situation lagged inflation should have a positive impact on the current inflation rate, which is what happened in the first period of this analysis. However, after 2002, Japan was faced with deflation and a decreasing GDP gap, so the results show that the lagged inflation rate and the GDP gap in the Phillips curve are not significant in the second period of this analysis, which is valid. This means (i) the current year's inflation was not affected by lagged inflation rates, and (ii) because the economy was in recession, the GDP gap was negative and had no impact on the inflation rate. However, the increasing crude oil price shifted up the aggregate supply curve, because imports of oil created inflationary pressure. Therefore, the positive sign of the crude oil price in both periods is correct. This finding is in accordance with the paper's hypothesis. Although inflation was created after the launch of the QQE policy, the authors believe this stemmed mainly from other sources, especially from higher oil prices. Following the easy monetary policy of the BOJ, the yen started to depreciate heavily ( Figure 5 ), which raised prices of crude oil and other energy imports, pushing up production costs and creating inflation. Results from Yoshino and TaghizadehHesary (2015a) support this assertion. In the second period, the output gap in the Phillips curve equation was not significant, which means that the economy was in recession and the aggregate demand did not rise enough to have an impact on price levels. However, the higher oil price in yen, which is mainly the result of easy monetary policy, had a significant impact on general price levels, which has been a negative development for Japanese manufacturers.
Figure 5: Crude Oil Import Price of Japan
Note: Import prices are cost, insurance, and freight (CIF) price in Japan. CIF price in Japan is converted into US dollars by the monthly average of the exchange rate.
Source: Japan Ministry of Finance. Japan Exports and Imports.
The second part of Table 2 is for aggregate demand. It is clear that in the second period long-term interest rates did not have any significant association with the GDP gap. This means the QQE policy that cut the short-term and long-term interest rates could neither stimulate the economy nor create inflation. And as mentioned above, the general price inflation in that period was due to other factors, mainly the oil price. 
LOWER OIL PRICES AND THE NEGATIVE INTEREST RATE POLICY OF THE BOJ
In 2013, the BOJ set a price stability target of 2% (year-on-year rate of change in the consumer price index). On 4 April 2013, the BOJ announced that, based on a decision at its monetary policy meeting, it would purchase Japanese government bonds (JGB), starting on 5 April 2013. This decision was taken at the first monetary policy meeting after Haruhiko Kuroda had taken up his post as the new governor of the BOJ. Figure 6 shows the expansion of the monetary base and JGB holdings by the BOJ. Since 2013 there has been a massive increase in the amount of monetary base by implementation of the QQE policy after Prime Minister Abe came into power for the second time. On the liability side of the BOJ balance sheet, the monetary base increased drastically. Table 3 looks at the asset side of the BOJ balance sheet. In April 2013, the asset side was valued at ¥175 trillion and by May 2016 it had expanded to ¥426 trillion, an increase of 2.5 times in 3 years. In the same period, JGBs, which were the major purchase of the BOJ, went up from ¥98 trillion to ¥319 trillion (Table 3) . So in other words, the major part of the asset is the purchase of long-term government bonds. Figure 6 shows that there was a parallel increase in the monetary base and JGB holdings by the BOJ after 2013. As mentioned above, the BOJ is keeping the 2% inflation rate as the target. Only for short periods, and mainly during 2014, did the Japanese inflation rate exceed 2%. In 2014 this was mainly due to an increase in consumption tax and higher oil prices. But after oil prices fell, the consumer price index (CPI) fell and the inflation rate dropped to below 1% (Figure 7 ). Based on declining oil prices, on the one hand, the aggregate supply (AS) curve shifts to the right and will reduce general price levels because oil as the main energy provider is one of the production inputs. Hence, declining oil prices lead to cheaper input prices for production, which is good news for suppliers and manufacturers of commodities. On the other hand, aggregate demand (AD) will also shift to the right, because consumption of oil and derivatives will be cheaper and this will offset part of the earlier price decrease by the shifting of the AS curve. However, the shift in AD in the Japanese case is lower for several reasons, two of the most important being the aging population and more efficient automobiles that reduced the consumption and elasticity of oil and petroleum products with respect to prices. Taghizadeh-Hesary, Rasolinezhad, and Kobayashi (2015) found that among Japanese oil consuming sectors, the commercial and industrial sectors show a significant response to oil price fluctuations. However, the residential sector does not show a significant response to oil price impulses. They also found that in the wake of the Fukushima nuclear incident in 2011, because Japan's dependency on oil increased, almost all economic sectors had a lower sensitivity to oil price fluctuations.
By a simple AD-AS illustration, Figure 8 shows that following the decline in oil prices, the final equilibrium rate of inflation decreases. This means that the 2% inflation target may not necessarily be appropriate in the current cheap oil era. At the monetary policy meeting on 29 January 2016, the BOJ policy board introduced quantitative and qualitative monetary easing (QQE) with a negative interest rate in order to achieve the price stability target of 2% at the earliest possible time. Since February 2016, the short-term interest rate (call rate-overnight uncollateralized interest rate) became negative ( Figure 9 ).
The BOJ decided to pursue monetary easing by making full use of possible measures in terms of three dimensions: i) quantity, ii) quality, and iii) interest rate. In this regard, the BOJ issued the following guideline (BOJ 2016):
(i) Quantity Dimension. "The guideline for money market operations: The BOJ conducts money market operations so that the monetary base increases at an annual pace of about 80 trillion yen."
(ii) Quality Dimension. "The guidelines for asset purchases: a) The Bank will purchase Japanese government bonds (JGBs) so that their amount outstanding will increase at an annual pace of about 80 trillion yen. With a view to encouraging a decline in interest rates across the entire yield curve, the Bank will conduct purchases in a flexible manner in accordance with financial market conditions. The average remaining maturity of the Bank's JGB purchases will be about 7-12 years. b) The Bank will purchase exchange-traded funds (ETFs) and Japan real estate investment trusts (J-REITs) so that their amounts outstanding will increase at annual paces of about 6 trillion yen and about 90 billion yen, respectively. c) As for CP and corporate bonds, the Bank will maintain their amounts outstanding at about 2.2 trillion yen and about 3.2 trillion yen, respectively."
(iii) Interest-Rate Dimension. "The introduction of a negative interest rate: The Bank will apply a negative interest rate of minus 0.1% to current accounts that financial institutions hold at the Bank." At its 29 January 2016 meeting the BOJ decided it "will cut the interest rate further into negative territory if judged as necessary." Specifically, BOJ adopted a three-tier system in which the outstanding balance of each financial institution's current account at the Bank divided into three tiers, to each of which a positive interest rate, a zero interest rate, or a negative interest rate applied, respectively.
Although the BOJ published the abovementioned guideline, the short-term negative interest rate also affected the long-term government bond interest rate and the JGB yield curve started to fall and flatten ( Figure 10 ). The BOJ had not expected this to happen. This means it is not rational to hold government bonds until maturity, as the value of 100 at maturity will be less than 100 (i.e., 99, 98, 97, 96, or less) . Hence investors, especially overseas investors, are trading bonds rather than keeping them until maturity. The nominal interest rate has dropped, but the volatility of the bond market has increased because of the higher trading of bonds. As for holdings of government bonds, nobody wants to keep bonds that are shorter than 15 years until maturity because the interest rate is negative.
More recently there has been greater demand from overseas investors for short-term bonds (Treasury or T-bills). On the one hand, according to Figure 11 (B), 49% of the holders of Treasury bills are foreigners who are buying and selling short-term Japanese government bonds and making a profit. This is the reason that recently the volatility of the Japanese bond market has increased. On the other hand, according to Figure  11 (A), the share of households holding JGBs is small (1%) as they are no longer interested in holding these bonds because of negative interest rates. Among households, the Japanese saving rate is falling because of the aging population and lower economic growth rate, while the corporate sector saves more than households. Corporate savings are going to banks or insurance companies. In conventional cases, banks should lend money; however, because of the decreased demand for loans, bank lending is decreasing. Due to the Japanese economy's vertical investment-saving (IS) curve, the rate of return on investment and companies' willingness to invest became very low. Hence, loans are diminishing and banks are holding government bonds instead. It means if we look at the asset side of Japanese banks, it is accumulated with JGBs.
During the term of the current government in Japan, attention is focused on monetary policy rather than structural issues, but the problem of the Japanese economy is its vertical IS curve (Figure 12 ). Private investment did not grow despite very low interest rates. Expected rates of return are low and as a consequence not many new technologies are developed in Japan. Even though the central bank's short-term interest rate is now negative, depressed investment in Japan means that the economy is not able to recover (Yoshino and Taghizadeh-Hesary 2016b) . Corporate restructuring to reduce idle capacity and start new investments was not pursued, with too much importance placed on monetary policy instead of accelerating corporate restructuring (Yoshino and Taghizadeh-Hesary 2015b) .
However, recently there has been a change in banking behavior. After 2012, the demand for JGBs reduced both in large city banks and regional banks. Instead, because of higher interest rates on deposits at the BOJ, banks raised their excess reserves at the BOJ. But this new negative interest rate policy forced banks to withdraw their excess reserves from the central bank and spend it in other ways. More recently, especially among regional banks, the demand for investment overseas has been increasing. Because the deposits they are collecting are in yen, they are investing in Europe in euro or in the US in dollars, creating an exchange rate risk. The suggestion to banks is to keep some portion of deposits in foreign currencies (euro, dollar, among others) in order to minimize the exchange rate risk.
CONCLUDING REMARKS
Japan has reached the limits of conventional macroeconomic policies. In order to overcome deflation and achieve sustainable economic growth, in 2013 the BOJ set an inflation target of 2% and implemented an aggressive monetary policy so this target could be achieved as soon as possible.
On 29 January 2016, the BOJ took further steps and in order to reach the 2% inflation target, introduced a negative interest rate policy. From February 2016, the short-term interest rate became negative, which later affected the medium-term and long-term interest rates, which also became negative. This policy has flattened the yield curve of JGBs, which the BOJ did not expect to happen. Banks started to reduce the number of government bonds they purchased because the interest rate for short-term bonds became negative, and even for long-term bonds up to 15 years the interest rate became negative.
Since 2013, on the liability side of the BOJ balance sheet, the monetary base has increased drastically by almost two and a half times as a result of the QQE policy. On the asset side of the BOJ balance sheet, JGB holdings have accumulated and the BOJ holdings in 2016 are more than three times the amount of JGB stock compared to 2013. The total asset size of the BOJ is almost two and a half times the size compared to 2013.
Although the BOJ drastically raised the monetary base during the last 3 years, the 2% inflation target could not be achieved, except for short periods, mainly in 2014. One of the reasons behind the unsuccessfulness of the QQE policy for achieving the 2% inflation target is the drop in oil prices.
Oil prices dropped from above $100 per barrel in June 2014 to less than $30 per barrel in February 2016. In 2015 Japan imported over $80 billion of petroleum and petroleum products. Mineral fuel imports, including oil, made up 23% of total Japanese imports in 2015. This means the price of oil has a significant impact on shaping general price levels in Japan.
Although the price of oil is presently less than half the price it was in 2014, the BOJ is still keeping the inflation target at 2%. While the price of oil is declining because of the downward shift in aggregate supply, the equilibrium price level will be lower, meaning the government needs to adjust the inflation target to lower than the 2% level.
The BOJ introduced a negative interest rate policy, so that banks would withdraw excess reserves from the central bank and increase lending to the corporate sector and households, stimulating aggregate demand, raising prices, and accelerating economic growth. Following the BOJ's negative interest rate policy, banks have indeed withdrawn excess reserves from the BOJ, but lending to the corporate sector did not increase. This is due to the vertical IS curve. Because of the aging population, a shrinking labor force, a conservative banking system, less productive local governments, and low levels of technological development, among others, (Yoshino and Taghizadeh-Hesary 2014b; 2015c) , the marginal productivity of capital is low and the corporate sector's interest in investment has decreased, causing the IS curve to become vertical. This means that, although the BOJ is now strictly following the QQE policy, it could neither boost the economy nor raise prices. This means the problems of the Japanese economy are structural and remedies could not be found in monetary policy. The Japanese government needs to focus more on the growth strategies of Abenomics rather than on monetary policy (for more information on the growth strategies of Abenomics, see Yoshino and Taghizadeh-Hesary 2015b) .
